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(57) Abstract: The present invention relates to a process for treating a mercury-containing liquid effluent produced from a gas well,
said liquid effluent comprising a mixture of an aqueous phase and liquid condensates, said process comprising the following steps:
a) providing a coagulant able to form hydrophilic aggregates with mercury-containing compounds; b) contacting said mixture of
aqueous phase and liquid condensates with said coagulant, thereby forming hydrophilic mercury-containing aggregates; c) letting the
liquid condensates separate from the aqueous phase by decantation and the mercury-containing aggregates settle within the aqueous
phase; d) recovering the aqueous phase which contains mercury-containing aggregates in one hand and the liquid condensates in the
other hand; e) separating the mercury-containing aggregates from the aqueous phase; f) recovering the mercury-containing aggreg -
ates in one hand and the aqueous phase in the other hand, as well as the facility thereof.
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PROCESS FOR REMOVING MERCURY FROM PRODUCTION WATER AND CONDENSATES

Field of the invention

The invention relates to a process for treating a mercury-containing liquid effluent from
a gas well and more particularly for removing mercury from the aqueous phase and

from the liquid condensates of said liquid effluent, as well as the facility thereof.

Background
In some parts of the world, like South Asia, gas fields may comprise high contents of

mercury, as well as some hydrogen sulphide (H,S). Mercury may be present in the form
of elemental mercury, but also in the form of particulate mercury, such as mercury
sulphide particles (HgS), also named black cinnabar. Mercury sulphide particles could
form by reaction of elemental mercury with hydrogen sulphide. This reaction is
thermodynamically promoted by the cooling and depressurization occurring during the
production of the gas from the well. Mercury presents environmental and safety
concerns and thus requires to be removed from the well effluent by downstream

processing treatments.

In the case of an offshore gas field, the well effluent undergoes first a preliminary
treatment at an offshore central processing facility (CPF) to separate liquids, including
water and the condensates from the gas. The condensates are generally pumped to a
floating production, storage and offloading (FPSO) facility anchored nearby, from
which they will be transferred to tankers for delivery to markets. The gas is transported
from the CPF either to a LNG processing plant, where it is cooled to below -161 °C (the
point at which the gas becomes liquefied natural gas) for transportation by LNG carrier,

or directly to a pipeline.

Several forms of mercury may be present in the well effluent: dissolved mercury which
includes elemental mercury and organic mercury, and particulate mercury which
includes HgS, when hydrogen sulphide (H»S) is present in the well effluent. Particles of
HgCl, can also be present. Organic mercury presence is quite rare and most of time

elemental mercury is considered to be the predominant dissolved mercury species.

When gas produced from the field undergoes the preliminary treatment at the CPF to

remove liquids, most of the elemental mercury goes within the gas phase, according to
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thermo dynamical equilibrium, from where it can be easily removed, for instance by

absorption processes.

However, mercury in its particulate form is more problematic because it goes mainly
within the liquid phase and contaminates both the water and the condensates. Thus, the
produced water specification with respect to environmental protection regulation may
not be met and the concentration of mercury found in said condensates may be such that
it is no more marketable. On an indicative basis, the premium price of a condensate
(petrochemical market) may be claimed with 5-10 ppbwt of mercury. The price is
downgraded if the condensate contains between 10 and 100 ppbwt of mercury. Between
100 and 500 ppbwt, the market becomes very difficult. Above 500 ppbwt, the

condensate is no longer marketable.

Hence, when a gas field contains high contents of mercury, as well as hydrogen
sulphide, the liquid effluent recovered from the CPF will generally contain a low
content of elemental mercury (as elemental mercury mainly goes with the gaseous phase)

and possibly a high content of particulate mercury, mostly in the form of HgS or HgClL.

The liquid effluent comprises the condensates and an aqueous phase mostly composed
of water and possibly dehydration solvents, such as methyl ethyl glycol (MEG) or tri-
ethylene glycol (TEG).

In the liquid effluent, elemental mercury mainly dissolves in the condensates, and to

lower extend in the aqueous phase.

The condensates may be typically treated with Guard beds by using S-link catalyst such

as Cu-S which allows full mercury removal.

Regarding the aqueous phase, it is known to use coagulants or chelating agents, such as
thiocarbamates or dithiocarbamates, to remove mercury. Such coagulants form
aggregates with mercury by complexation of mercury with sulphur atoms contained in
the molecule. The aggregates may be then separated from the aqueous phase by physical
separation, such as flotation, filtration, multimedia filtration, ultrafiltration or

centrifugation, then compacted and treated to remove and recycle mercury.
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In the liquid effluent, particulate mercury disperses both in the condensates and the
aqueous phase. Since the size of the particles may be quite low (around 1 or 2um or
below), the removal of these particles by filtration is difficult to implement. Other

techniques must thus be considered.

Regarding the aqueous phase, the particulate mercury may be removed in the same way
as elemental mercury, i.e. by using coagulants, such as thiocarbamates or

dithiocarbamates.

However, with respect to the condensates, the Guard beds containing Cu-S are not
satisfactory as HgS particles removal is very low. In fact, the Guard beds act only as a

physical barrier and remove small amount of particles.

Therefore, the treatments which allow removal of elemental mercury from liquid

effluent of a gas well are generally not suitable for removing particulate mercury.

When a new gas field is discovered, it is difficult to predict what will be the content of
HgS particles in the gas effluents. Collecting gas samples from the gas field is very
expensive as it requires deep drilling and the results of the samples analysis may vary
from one to another. In addition, sampling conditions are different from production ones

and the mercury speciation can be widely different.

Therefore, there is need to provide a process and facility that allow removal of both
elemental and particulate mercury from liquid effluents of a gas field, whatever the
content of mercury in this gas, in particular whatever the content of Hg particles such as

HgS.

Summary of the invention

The invention meets this need by providing a process which is easy to implement and
uses well known technologies, such as centrifugation, ultrafiltration or adsorption, as
well as commercially available coagulants and flocculants. The process of the invention
ensures a specification of less than 20 ppbwt of mercury for the produced water and less
than 10 ppbwt of mercury for the condensates, whatever is the speciation between the

two species of mercury (elemental or particulate). It may be used offshore where space
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is limited, in particular on a FPSO facility. It allows concentration of the removed
mercury into a residue which is easy to handle and may be transferred to an onshore

treatment unit.

According to the invention, a mercury coagulant is injected into the mixture of aqueous
phase and condensates before the step which consists into separating the condensates
from the aqueous phase, so that all the mercury particles are concentrated into the

aqueous phase in the form of aggregates which are then easy to remove.

Unless otherwise specified, the mercury contents are expressed in ppbwt, i.e. part by
weight per billion (10”). The coagulant and flocculant dosage are expressed in ppm, i.e.

part by volume per million (10°°).

One object of the present invention is a process for treating a mercury-containing liquid
effluent produced from a gas well, said liquid effluent comprising a mixture of an
aqueous phase and liquid condensates, said process comprising the following steps:
a) providing a coagulant able to form hydrophilic aggregates with mercury-
containing compounds;
b) contacting said mixture of aqueous phase and liquid condensates with said
coagulant, thereby forming hydrophilic mercury-containing aggregates;
c) letting the liquid condensates separate from the aqueous phase by decantation
and the mercury-containing aggregates settle within the aqueous phase;
d) recovering the aqueous phase which contains mercury-containing aggregates in
one hand and the liquid condensates in the other hand;
e) separating the mercury-containing aggregates from the aqueous phase;
f) recovering the mercury-containing aggregates in one hand and the aqueous

phase in the other hand.

In one embodiment, the mercury-containing liquid effluent contains up to 3000 ppbwt
of mercury, including from 50 to 200 ppbwt of elemental mercury and from 1000 to

2950 ppbwt of particulate mercury.

In one embodiment, step c¢) is performed in one or several separator(s) connected in

series, thereby recovering one or several aqueous phase(s), one or several liquid
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condensates, and/or one or several gaseous hydrocarbon stream(s) comprising

hydrocarbons, mercury particles and elemental mercury.

In one embodiment, the coagulants able to form hydrophilic aggregates with mercury-
containing compounds are water soluble polymers containing a functional group

capable of scavenging a mercury-containing compound.

In a particular embodiment, the coagulant is an organosulfur compound, such as a thiol,
preferably a dithiol or a trithiol, a thioester, a thioether, a thioacetal, a disulfide, a
polysulfide, a sulfoxide, a thiosulfimide, a thioamine or a thionitrile. The coagulant is
preferably selected from the group consisting of water soluble polymers containing at

least one thiocarbamate group or one dithiocarbamate group.

In one embodiment, the amount of coagulant put into contact with the mixture of

aqueous phase and liquid condensates is from 10 to 200 ppm.

In one embodiment, the coagulant and a flocculant are further contacted with the one or

several aqueous phase(s) recovered from step c).

In one embodiment, the process of the invention further comprises the recovery and
mercury removal treatment of the gaseous hydrocarbon stream(s), thereby recovering a
treated gaseous hydrocarbon stream comprising less than 10 ppbwt of mercury in any

form (elemental or particulate), in particular less than 5 ppbwt of mercury in any form.

In one embodiment, the aqueous phase recovered at step f) contains less than 20 ppbwt
of mercury in any form (elemental or particulate), in particular less than 10 ppbwt of
mercury in any form.

In one embodiment, the aqueous phase comprises dehydration solvents, such as methyl

ethyl glycol or triethylene glycol.

In one embodiment, the process further comprises the drying of the mercury-containing
aggregates recovered at step f) into a mercury-concentrated dry residue, in particular by

precoat filtration with dry extraction of the cake or by press filter or by centrifugation.
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In one embodiment, the process further comprises the removal of dissolved
hydrocarbons contained in the aqueous phase(s) recovered at step f), followed by
precipitation of salts, thereby recovering a treated aqueous phase containing less than 20
ppbwt of mercury in any form (elemental or particulate), in particular less than 10

ppbwt of mercury in any form.

In one embodiment, when the aqueous phase comprises dehydration solvents, the
process further comprises a step of regeneration of said dehydration solvents from the

treated aqueous phase.

In one embodiment, the process further comprises the mercury removal treatment of the
liquid condensates recovered at step d), in particular by contacting said liquid
condensates with a mercury adsorbent, preferably with a macro porous alumina
supported metal sulphide, thereby recovering treated liquid condensates containing less
than 10 ppbwt of mercury in any form (elemental or particulate), in particular less than

S ppbwt of mercury in any form.

Another object of the present invention is a facility for treating a mercury-containing
liquid effluent from a gas well, said liquid effluent comprising a mixture of an aqueous
phase and liquid condensates, said facility comprising:

a) asupply line (1) for the mixture of aqueous phase and liquid condensates;

b) a reservoir (2) containing a coagulant able to form hydrophilic aggregates with
mercury-containing compounds;

c) one or several separator(s) (4a, 4b, 4c, 4d, 25) in series, having a filling line (5a,
5b, 5S¢, 27) for the recovery of an aqueous phase comprising aggregates, a filling
line (6a, 6b, 6¢, 6d, 26) for the recovery of liquid condensates, and a filling line
(31a, 31b, 31c, 31d) for the recovery of a gaseous hydrocarbon stream
comprising hydrocarbons and mercury, one separator being fed with the supply
line (1), the other separators being fed with a liquid condensates filling line (6a,
6b, 6c, 6d, 26);

d) a supply line (3a) for the coagulant connected to the supply line (1) and possibly
a supply line (3b) for the coagulant connected to at least one of the filling lines

(5a, 5b, 5¢,27) ;
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e) a separation system (7) fed with filling line (5a, 5b, 5c, 27) wherein an aqueous
phase is separated from the aggregates, said aqueous phase exiting by a line 8a,

and said aggregates exiting by a line 9.

In one embodiment, the reservoir (2) further comprises a flocculant and a supply line
(3b) for the coagulant and flocculant connected to at least one of the filling lines (5a, 5b,

Sc, 27).

In one embodiment, the facility further comprises a mercury removal treatment unit fed

with filling lines (31a, 31b, 31c, 31d).

In one embodiment, the facility further comprises a separation unit (10), such as a
precoat filtration unit, fed with line 9 wherein an aqueous phase is separated from a dry

residue, said dry residue exiting by a line 11 and said aqueous phase exiting by a line 12.

In one embodiment, the facility further comprises a separator (13), such as a flash drum,
fed with lines 8 and 12, wherein gaseous hydrocarbons are separated from an aqueous
phase, said gaseous hydrocarbons exiting by a line 14 and said aqueous phase exiting by

a line 15.

In one embodiment, the facility further comprises a mercury removal treatment unit
(22a, 22b) comprising a mercury adsorbent, such as a macro porous alumina supported
metal sulphide, fed with the liquid condensates filling line (6d), from which a treated
liquid condensates exit by line (23).

Brief description of the figures

Figure 1 is a schematic representation of the process and installation of the invention.

Detailed description of the invention

The process of the invention allows the treatment of a liquid effluent containing high
contents of both elemental mercury and particulate mercury, particularly liquid effluents
containing up to 3000 ppbwt of mercury, including from 50 to 200 ppbwt of elemental

mercury and from 1000 to 2950 ppbwt of particulate mercury (Hg weight concentration).
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The process of the invention can be performed onsite at well locations, such as offshore
platforms with limited space and facilities, prior to transport to refineries.
Advantageously, it can be performed on a floating production, storage and offloading

(FPSO) facility anchored nearby the well.

According to the invention, a mercury coagulant is injected into the mixture of aqueous
phase and condensates before separating the condensates from the aqueous phase, so
that all mercury particles are concentrated into the aqueous phase in the form of

aggregates which are then easy to remove by physical separation.

The coagulant utilized in the process of the invention must be capable to form
hydrophilic aggregates with mercury-containing compounds, in particular with
elemental mercury and HgS particles, or with mercury in any other forms as HgCl..

Such coagulants are well known by the person skilled in the art.

It is understood that the present invention is not limited to a coagulant as long as it is
able to form hydrophilic aggregates with mercury compounds. By “hydrophilic”, it is
meant that the aggregate has an affinity for water, so that when in presence of an
aqueous phase and condensates, the aggregates concentrate essentially into the aqueous
phase. The aggregates are hydrophilic but insoluble in water. As a result, the aggregates
settle in the aqueous phase through sedimentation and may be then easily separated

from the aqueous phase by filtration or flotation or centrifugation, as detailed hereafter.

In one embodiment, the coagulant is a water soluble polymer containing a functional
group capable of scavenging a mercury-containing compound. The scavenging group
may be for instance a thiol, preferably a dithiol or a trithiol, a thiosester, a thioether, a
thioacetal, a disulfide, a polysulfide, a sulfoxide, a thiosulfimide, a thioamine or a
thionitrile. The coagulant is preferably selected from the group consisting of water
soluble polymers containing at least one thiocarbamate group or at least one

dithiocarbamate group.

For instance, water soluble polymers containing a dithiocarbamate functional group

include, but are not limited to: Nalmet 1689, Nalmet 8701, Nalmet 8702, EC6036A,
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02VF112, 03VCO057 (marketed by NALCO), GE ME 2405 and 2408 (marketed by GE

waters).

The amount of coagulant added to the mixture depends on the type of coagulant and the
concentration of mercury compounds contained in the aqueous phase. In one
embodiment, the amount of coagulant added to the mixture is around 20 times the
concentration of mercury (for instance in the case of a dithiocarbamate). The amount

may be from 10 to 200 ppm, in particular from 30 to 100 ppm.

A flocculant may be added to the aqueous phase after the separation of the condensates
from the aqueous phase in order to promote the formation of aggregates. The amount of
flocculant added to the aqueous phase depends on the type of flocculant and the
concentration of mercury compounds contained in the aqueous phase. In one
embodiment, the amount of flocculant may be comprised between 1 and 10 ppm, in
particular around 5 ppm. Flocculants are well known by the person skilled in the art. For
instance, suitable flocculants include, but are not limited to: ammonium sulfate, such as

EC6029A (marketed by NALCO) or Iron (III) chloride FeCls.

Figure 1 illustrates a process and facility according to the invention.

With reference to figure 1, a mixture of aqueous phase and liquid condensates removed
from a well is fed to the system through a supply line 1. The aqueous phase is mostly
composed of water and dehydration solvents, such as methyl ethyl glycol (MEG) or
triethylene glycol (TEG). A reservoir 2 containing the coagulant is connected to supply
line 1 by line 3a, thereby allowing the injection of the coagulant into the mixture of
aqueous phase and condensates. The mixture supplemented with the coagulant is then
fed into a separator 4a (intermediate pressure) and allowed to settle until the aqueous
phase and the condensates separate inside the separator. At the same time, the
aggregates are allowed to settle within the aqueous phase. Typically, the content of the
separator is allowed to settle from 5 to 15 min. In the separator 4a, the pressure is from
100 MPa to 200 MPa, preferably from 150 MPa and 160 MPa, and the temperature is
from 60 to 100 °C, preferably from 80 to 90 °C. Under these conditions, some
hydrocarbons and mercury dissolved in the mixture separate from the liquid mixture in
the form of a gaseous stream which is recovered by filling line 31a. The gas stream in

line 31a contains around 200 ppbwt of mercury. It is then passed to a flash gas
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compressor (not represented) and sent to a mercury removal treatment unit (not
represented). The aqueous phase which contains the mercury-containing aggregates is
recovered by filling line 5a. The liquid condensates are recovered by filling line 6a. The
reservoir 2 also contains a flocculant and is connected to lines 5a, 5b and Sc by line 3b
for injecting the coagulant and flocculant into the aqueous phase recovered in lines Sa,

5b, 5c¢.

In one embodiment, step c) is performed in one or several separator(s) connected in
series, thereby recovering one or several aqueous phase(s) Sa, 5b, Sc, one or several
liquid condensates 6a, 6b, 6¢c, 6d, and possibly one or several gaseous hydrocarbon
stream(s) comprising hydrocarbons and mercury 31a, 31b, 31c, 31d. In that case, the
liquid condensates recovered by filling line 6a are fed into a separator 4b (medium
pressure) and allowed to settle until an aqueous phase separates from the condensates
inside the separator typically from 5 to 15 min. In the separator 4b, the pressure is from
100 MPa to 150 MPa, preferably from 110 MPa and 130 MPa, and the temperature is
from 60 to 100 °C, preferably from 80 to 90 °C. Under these conditions, some
hydrocarbons and mercury dissolved in the mixture, separate from the liquid mixture in
the form of a gaseous stream which is recovered by filling line 31b. The gas stream in
line 31b contains from 500 ppwt to 700 ppwt of mercury. It is gathered to line 31a and
thus passed to a flash gas compressor (not represented) and sent to a mercury removal
treatment unit (not represented), as described previously. An aqueous phase is recovered
by filling line 5b and gathered to line 5a. Aqueous phase 5b may still contain some
mercury-containing aggregates. Liquid condensates are recovered by filling line 6b and
fed into a separator 4c (medium-low pressure) where it is allowed to settle until an
aqueous phase separates from the liquid condensates inside the separator typically from
5 to 15 min. In the separator 4c, the pressure is from 100 MPa to 150 MPa, preferably
from 110 MPa and 130 MPa, and the temperature is from 60 to 100 °C, preferably from
80 to 90 °C. Under these conditions, there is no gaseous stream separating from the
liquid mixture. The aqueous phase is recovered by filling line Sc and gathered to lines
Sa and 5b. Aqueous phase Sc may still contain some mercury-containing aggregates.

The liquid condensates are recovered by filling line 6¢ and fed into the separator 4d. At
this point, the liquid condensates are free of any aqueous phase. In the separator (low
pressure) 4d, the pressure is from 30 MPa to 60 MPa, preferably from 40 MPa and 45
MPa, and the temperature is from 60 to 100 °C, preferably from 80 to 90 °C. Under
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these conditions, some hydrocarbons and dissolved mercury evaporate and are
recovered by filling line 31c. The gas stream in line 31c contains from 1000 to 1200
ppbwt of mercury. It is gathered to lines 31a and 31b and thus passed to a flash gas
compressor (not represented) and sent to a mercury removal treatment unit (not
represented), as described previously. The liquid condensates are recovered by filling
line 6d and are heated by passing through a heat exchanger 30 up to a temperature from
80 to 100 °C, preferably from 90 to 100 °C. The heated stream 24 is then passed though
a separator 25 from which some hydrocarbons and dissolved mercury evaporated and
are recovered in line 31d. Liquid condensates are recovered by filling line 26, pumped
by a pump 28. Condensates flow 29 are cooled down by heat exchanger 30 and the
downcoming flow 32 is passed through a filtration unit 21 and then fed into a mercury
removal unit 22a, 22b comprising a mercury adsorbent, such as a macro alumina
supported metal sulphide, in order to recover treated liquid condensates into line 23. At
this point, the treated condensates contain less than 10 ppbwt of mercury in any form
(elemental or particulate), in particular less than 5 ppbwt of mercury in any form. It
includes hydrocarbons from ethane to Dodecane (C2 to C12 alkanes) and may be
transferred to tankers for delivery to markets.

The aqueous phases recovered in filling lines 5a, 5b, Sc are gathered in line 5d. The
aqueous phases in line 5d and 27 are once again contacted with the flocculent and
coagulant by line 3b and then gathered and fed into a physical separator 7 in order to
recover the mercury-containing aggregates in one hand and the aqueous phase in the
other hand. The separation may be performed by various techniques, such as
ultrafiltration, flotation or centrifugation. Centrifugation is preferred for an offshore
application as it allows the best compromise between efficiency, purge stream and
footprint/weight of the installation. If the process is performed onshore, ultrafiltration
may be more advantageous for maintenance reasons. Flotation may be used but the
separation efficiency may not be sufficient to meet mercury specifications. The
mercury-containing aggregates recovered from separator 7 are recovered by line 9 and
fed into a separation unit 10, preferably by precoat filtration with dry extraction of the
cake or press filtration or centrifugation. A mercury-concentrated dry residue is
recovered by line 11, compacted and may be then sent onshore for further treatment. An
aqueous phase is recovered from the drying unit 10 by line 12 and fed into a separator
13, such as flash drum, wherein dissolved hydrocarbons are removed from the aqueous

phase and recovered by line 14. An aqueous phase is recovered from separator 7 by line
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8a and fed into a separator 13. Some liquid hydrocarbon phase containing light
hydrocarbons is recovered from separator 7 with the line 8b. At this point, the aqueous
phases in line 8a and 12 are mostly composed of water, salts, and dehydration solvents,
such as methyl ethyl glycol or triethylene glycol, and contain less than 20 ppbwt of
mercury in any form (elemental or particulate), in particular less than 10 ppbwt of
mercury in any form. An aqueous phase is recovered from separator 13 by line 15. The
divalent salts contained in said aqueous phase are precipitated for instance by adding
NaOH and separated in a pre-treatment drum 16. An aqueous phase containing
dehydration solvents, such as methyl ethyl glycol (MEG) or triethylene glycol (TEG), is
recovered from pre-treatment drum 16 by line 17 and fed into separator 18. An aqueous
phase enriched in dehydration solvents is recovered from separator 18 by line 19 and
sent to a regeneration unit (not represented) in order to recover the dehydration solvents.
After regeneration, the dehydration solvents may be sent back to injection in the well. A
salt-containing slurry is recovered from separator 18 by line 20, and comprises less than

20 ppwt of mercury. Thus, it may be released into the sea.

The invention will now be further described in the following examples. These examples
are offered to illustrate the invention and should in no way be viewed as limiting the

invention.

Example 1

A mixture of aqueous phase and liquid condensates removed from a well is treated
according to the process of figure 1 with the same conditions as described above. Said
mixture contains 170 ppbwt of elemental mercury and 20 ppbwt of particulate mercury.

After treatment with a coagulant and a flocculant and separation of the aqueous phases
from the liquid condensates in separators 4a, 4b and 4c, the aqueous phase recovered in
line 5d contains 300 ppbwt of particulate mercury. The recovered condensates
recovered after the filtration unit 21 and before the mercury removal unit 22a, 22b
contain 234 ppbwt of elemental mercury. After mercury removal treatment, the treated
liquid condensates recovered in line 23 contain less than 5 ppbwt of elemental mercury.

After treatment of the aqueous phase recovered in lines 5d and 27 with a flocculant and
coagulant and separating said aqueous phase from the mercury-containing aggregates,
the aqueous phase recovered at the exit of separator 13 contains less than

20 ppbwt of particulate mercury.
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Example 2

A mixture of aqueous phase and liquid condensates removed from a well is treated
according to the process of figure 1 with the same conditions as described above. Said
mixture contains 20 ppbwt of elemental mercury and 170 ppbwt of particulate mercury.

After treatment with a coagulant and a flocculant and separation of the aqueous phases
from the liquid condensates in separators 4a, 4b and 4c, the aqueous phase recovered in
line 5d contains 2500 ppbwt of particulate mercury. The recovered condensates
recovered after the filtration unit 21 and before the mercury removal unit 22a, 22b
contain 30 ppbwt of elemental mercury. After mercury removal treatment, the treated
liquid condensates recovered in line 23 contain less than 5 ppbwt of elemental mercury.

After treatment of the aqueous phase recovered in lines 5d and 27 with a flocculant and
coagulant and separating said aqueous phase from the mercury-containing aggregates,
the aqueous phase recovered at the exit of separator 13 contains less than

20 ppbwt of particulate mercury.

Examples 1 and 2 show that the process of the invention ensures a specification of less
than 20 ppbwt of mercury for the produced water and less than 5 ppbwt of mercury for
the condensates, whatever is the speciation between the two species of mercury

(elemental or particulate).
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CLAIMS

1. A process for treating a mercury-containing liquid effluent produced from a gas well,

said liquid effluent comprising a mixture of an aqueous phase and liquid condensates,

said process comprising the following steps:

a)

b)

c)

d)

e)

providing a coagulant able to form hydrophilic aggregates with mercury-
containing compounds;

contacting said mixture of aqueous phase and liquid condensates with said
coagulant, thereby forming hydrophilic mercury-containing aggregates;

letting the liquid condensates separate from the aqueous phase by decantation
and the mercury-containing aggregates settle within the aqueous phase;
recovering the aqueous phase which contains mercury-containing aggregates in
one hand and the liquid condensates in the other hand;

separating the mercury-containing aggregates from the aqueous phase;
recovering the mercury-containing aggregates in one hand and the aqueous

phase in the other hand.

2. The process according to claim 1, wherein the mercury-containing liquid effluent

contains up to 3000 ppbwt of mercury, including from 50 to 200 ppbwt of elemental

mercury and from 1000 to 2950 ppbwt of particulate mercury.

3. The process according to claims 1 or 2, wherein step c) is performed in one or several

separator(s) connected in series, thereby recovering one or several aqueous phase(s),

one or several liquid condensates, and/or one or several gaseous hydrocarbon stream(s)

comprising hydrocarbons and mercury.

4. The process according to any one of claims 1 to 3, wherein the coagulant able to form

hydrophilic aggregates with mercury-containing compounds is a water soluble polymer

containing a functional group capable of scavenging a mercury-containing compound,

in particular an organosulfur compound such as a thiol, preferably a dithiol or a trithiol,

a thioester, a thioether, a thioacetal, a disulfide, a polysulfide, a sulfoxide, a

thiosulfimide, a thioamine or a thionitrile.
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5. The process according to any one of claims 1 to 4, wherein the coagulant is selected
from the group consisting of water soluble polymers containing at least one

thiocarbamate group or at least one dithiocarbamate group.

6. The process according to any one of claims 1 to 5, wherein the amount of coagulant
put into contact with the mixture of aqueous phase and liquid condensates is from 1 to

10 ppm.

7. The process according to any one of claims 1 to 6, wherein the coagulant and a
flocculent are further contacted with the one or several aqueous phase(s) recovered from

step ¢), said flocculent being chosen among ammonium sulfate or Iron (III) chloride.

8. The process according to any one of claims 1 to 7, wherein the aqueous phase

comprises dehydration solvents, such as methyl ethyl glycol or triethylene glycol.

9. The process according to any one of claims 3 to 8, wherein the process further
comprises recovery and mercury removal treatment of the gaseous hydrocarbon
stream(s), thereby recovering a treated gaseous hydrocarbon stream comprising less
than less than 10 ppbwt of mercury in any form (elemental or particulate), in particular

less than 5 ppbwt of mercury in any form.

10. The process according to any one of claims 1 to 9, wherein the aqueous phase
recovered at step f) contains less than 20 ppbwt of mercury in any form (elemental or

particulate), in particular less than 10 ppbwt of mercury in any form.

11. The process according to any one of claims 1 to 10, wherein the process further
comprises the drying of the mercury-containing aggregates recovered at step f) into a
mercury-concentrated dry residue, in particular by precoat filtration with dry extraction

of the cake, press filtration or centrifugation.

12. The process according to any one of claims 1 to 11, wherein the process further
comprises the removal of dissolved hydrocarbons from the aqueous phase(s) recovered

at step ), followed by precipitation of salts, thereby recovering a treated aqueous phase
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containing less than 20 ppbwt of mercury in any form (elemental or particulate), in

particular less than 10 ppbwt of mercury in any form.

13. The process according to any one of claims 1 to 12, wherein when the aqueous
phase comprises dehydration solvents, the process further comprises a step of

regeneration of said dehydration solvents from the treated aqueous phase.

14. The process according to any one of claims 1 to 13, wherein the process further
comprises the mercury removal treatment of the liquid condensates recovered at step d),
in particular by contacting said liquid condensates with a mercury adsorbent, preferably
with a macro porous alumina supported metal sulphide, thereby recovering a treated
liquid condensates containing less than 10 ppbwt of mercury in any form (elemental or

particulate), in particular less than 5 ppbwt of mercury in any form.

15. A facility for treating a mercury-containing liquid effluent from a gas well, said
liquid effluent comprising a mixture of an aqueous phase and liquid condensates, said
facility comprising:

a) asupply line (1) for the mixture of aqueous phase and liquid condensates;

b) a reservoir (2) containing a coagulant able to form hydrophilic aggregates with
mercury-containing compounds;

c) one or several separator(s) (4a, 4b, 4c, 4d, 25) in series, having a filling line (5a,
5b, 5S¢, 27) for the recovery of an aqueous phase comprising aggregates, a filling
line (6a, 6b, 6¢, 6d, 26) for the recovery of liquid condensates, and a filling line
(31a, 31b, 31c, 31d) for the recovery of a gaseous hydrocarbon stream
comprising hydrocarbons and mercury, one separator being fed with the supply
line (1), the other separators being fed with liquid condensates filling line (6a, 6b,
6¢, 26);

d) a supply line (3a) for the coagulant connected to the supply line (1) and possibly
a supply line (3b) for the coagulant connected to at least one of the filling lines
(5a, 5b, 5¢,27) ;

e) a separation system (7) fed with filling lines (5a, 5b, 5c, 27) wherein an aqueous
phase is separated from the aggregates, said aqueous phase exiting by a line 8a,

and said aggregates exiting by a line 9.
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16. The facility according to claim 15, wherein the reservoir (2) further comprises a
flocculent and a supply line (3b) for the coagulant and flocculant connected to at least

one of the filling lines (5a, 5b, 5c, 27).

17. The facility according to claims 15 or 16, wherein the facility further comprises a

mercury removal treatment unit fed with filling lines (31a, 31b, 31c, 31d).

18. The facility according to any one of claims 15 to 17, wherein the facility further
comprises a separation unit (10), such as a precoat filtration unit, fed with line (9)
wherein an aqueous phase is separated from a dry residue, said dry residue exiting by a

line (11) and said aqueous phase exiting by a line (12).

19. The facility according to any one of claims 15 to 18, wherein the facility further
comprises a separator (13), such as a flash drum, fed with lines (8a) and (12), wherein
gaseous hydrocarbons are separated from an aqueous phase, said gaseous hydrocarbons

exiting by a line (14) and said aqueous phase exiting by a line (15).

20. The facility according to any one of claims 15 to 19, wherein the facility further
comprises a mercury removal treatment unit (22a, 22b) comprising a mercury adsorbent,
such as a macro porous alumina supported metal sulphide, fed with the liquid

condensates filling line (6d), from which a treated liquid condensates exit by line (23).



WO 2014/095992 PCT/EP2013/077078
11

FIGURE 1

el
rey
) in
®©
3
©
© 10
ey
™

o~

& M&?\‘%}!@&\\%WM&@@W&@%'

T



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2013/077078
A. CLASSIFICATION OF SUBJECT MATTER
INV. CO2F1/52 CO2F1/68 CO2F1/56 BO1D17/02 CO2F1/38
C16G29/00
ADD. CO2F1/44 CO2F101/20 CO2F103/10 CO2F103/36

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Co2F BO1D C1l0G

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2008/283470 Al (GUSTAFSSON MEREDITH B 1,2,4-7,
[US] ET AL) 20 November 2008 (2008-11-20) 9,10,15

Y paragraphs [0002], [0010], [0011], 1-20
[0019], [0021] - [0023], [0026]; claims
1,5-7,10,14

Y US 6 117 333 A (FRANKIEWICZ THEODORE C 1-20

[US] ET AL) 12 September 2000 (2000-09-12)
column 1, line 41 - column 1, line 56
column 2, line 45 - column 2, line 67
column 3, line 13 - column 3, line 67
column 7, line 26 - column 7, line 61;
claims 1,27,45,55; figures 1,2

Y EP 2 508 243 Al (SHELL INT RESEARCH [NL]) 1-20
10 October 2012 (2012-10-10)
paragraphs [0003], [0008], [0025] -
[0028]; claims 1,12

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y* document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
19 February 2014 28/02/2014
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
éx%mq&smsme Van Iddekinge, R

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2013/077078
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2010/147745 A1 (DEN BOESTERT JOHANNES 1-20
LEENDERT WILLEM CORNELIS [NL] ET AL)
17 June 2010 (2010-06-17)
paragraphs [0003] - [0006]
Y US 2002/003112 Al (GOLDEN JOSH H [US]) 1-20
10 January 2002 (2002-01-10)
paragraphs [0013], [0014], [0016],
[0017], [0019], [0021] - [0024],
[0030]; claims 1-12; figure 1
Y US 2004/050796 Al (COLEMAN C LAMAR [US] 1-20
COLEMAN JR C LAMAR [US])
18 March 2004 (2004-03-18)
paragraphs [0008], [0009], [0026];
claims 1-3,11,12
Y US 6 258 277 B1 (SALMEN KRISTINE S [US] ET 1-20
AL) 10 July 2001 (2001-07-10)
claims 1-3; table 1
A US 4 087 359 A (PATRON GERMANO ET AL) 1-20
2 May 1978 (1978-05-02)
claims 1-3
A DE 103 36 534 Al (STOCKHAUSEN CHEM FAB 1-20
GMBH [DE]; E ON ENGINEERING GMBH [DE]; E
ON KRAFT) 24 February 2005 (2005-02-24)
claims 1-9; figures 1-3
A WO 98/23538 Al (ENVIRONMENTAL CHEMISTRIES 1-20
INC [US]) 4 June 1998 (1998-06-04)
claims 1-3; figures 1,2
A ANCHALEEPORN WARITSWAT LOTHONGKUM ET AL: 1-20
"Simultaneous removal of arsenic and
mercury from natural-gas-co-produced water
from the Gulf of Thailand using
synergistic extractant via HFSLM",
JOURNAL OF MEMBRANE SCIENCE,
vol. 369, no. 1-2,
15 December 2010 (2010-12-15), pages
350-358, XP055008576,
ISSN: 0376-7388, DOI:
10.1016/j.memsci.2010.12.013
abstract
A MORRISON J: "Worldwide GAS/NAM recovers 1-20
mercury produced with dutch natural gas",
OIL AND GAS JOURNAL, PENNWELL, HOUSTON,
TX, US,
vol. 17, 17 April 1972 (1972-04-17), pages
72-73, XP009152472,
ISSN: 0030-1388
the whole document

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2013/077078
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2008283470 Al 20-11-2008 CA 2686255 Al 27-11-2008
EP 2167432 Al 31-03-2010
JP 2010527287 A 12-08-2010
US 2008283470 Al 20-11-2008
WO 2008143819 Al 27-11-2008
US 6117333 A 12-09-2000 AR 012425 Al 18-10-2000
AU 7101998 A 13-11-1998
CN 1253535 A 17-05-2000
EP 0977712 Al 09-02-2000
ID 24272 A 13-07-2000
NO 995129 A 22-12-1999
us 6117333 A 12-09-2000
WO 0847823 Al 29-10-1998
EP 2508243 Al 10-10-2012 AU 2012238593 Al 03-10-2013
EP 2508243 Al 10-10-2012
WO 2012136780 Al 11-10-2012
US 2010147745 Al 17-06-2010 AR 067244 Al 07-10-2009
AU 2008231735 Al 02-10-2008
EP 2129747 Al 09-12-2009
US 2010147745 Al 17-06-2010
WO 2008116864 Al 02-10-2008
US 2002003112 Al 10-01-2002 AU 7929501 A 21-01-2002
CN 1449362 A 15-10-2003
EP 1301439 Al 16-04-2003
US 2002003112 Al 10-01-2002
WO 0204362 Al 17-01-2002
US 2004050796 Al 18-03-2004 US 6635182 Bl 21-10-2003
US 2004050796 Al 18-03-2004
US 6258277 Bl 10-07-2001 AU 1929600 A 01-08-2000
CN 1337923 A 27-02-2002
CN 1978336 A 13-06-2007
EP 1171389 Al 16-01-2002
JP 2002534564 A 15-10-2002
JP 2011117000 A 16-06-2011
MY 123469 A 31-05-2006
TW 508344 B 01-11-2002
us 6258277 Bl 10-07-2001
us 6403726 Bl 11-06-2002
WO 0041974 Al 20-07-2000
US 4087359 A 02-05-1978 BE 818695 Al 10-02-1975
CA 1031875 Al 23-05-1978
DE 2437779 Al 20-02-1975
ES 429069 Al 16-01-1977
FR 2240192 Al 07-03-1975
JP S5044976 A 22-04-1975
JP 55741991 B2 06-09-1982
NL 7410471 A 11-02-1975
SE 399869 B 06-03-1978
SuU 865124 A3 15-09-1981
us 4087359 A 02-05-1978

Form PCT/ISA/210 (patent family annex) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2013/077078
Patent document Publication Patent family Publication
cited in search report date member(s) date

DE 10336534 Al 24-02-2005 AT 445577 T 15-10-2009
DE 10336534 Al 24-02-2005
EP 1656327 Al 17-05-2006
WO 2005023719 Al 17-03-2005
WO 9823538 Al 04-06-1998 AU 5360398 A 22-06-1998
US 5965027 A 12-10-1999
US 6312601 B1 06-11-2001
WO 9823538 Al 04-06-1998

Form PCT/ISA/210 (patent family annex) (April 2005)

page 2 of 2




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - wo-search-report
	Page 21 - wo-search-report
	Page 22 - wo-search-report
	Page 23 - wo-search-report

